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Background and purpose — Obesity increases the risk of deep
infection after total joint arthroplasty (TJA). Our objective was
to determine whether there may be body mass index (BMI) and
weight thresholds indicating a higher prosthetic joint infection
rate.

Patients and methods — We included all 9,061 primary hip and
knee arthroplasties (mean age 70 years, 61% women) performed
between March 1996 and December 2013 where the patient had
received intravenous cefuroxime (1.5 g) perioperatively. The main
exposures of interest were BMI (5 categories: < 24.9, 25-29.9,
30-34.9, 35-39.9, and = 40) and weight (5 categories: < 60, 60-79,
80-99, 100-119, and = 120 kg). Numbers of TJAs according to
BMI categories (lowest to highest) were as follows: 2,956, 3,350,
1,908, 633, and 214, respectively. The main outcome was pros-
thetic joint infection. The mean follow-up time was 6.5 years
(0.5-18 years).

Results — 111 prosthetic joint infections were observed: 68
postoperative, 16 hematogenous, and 27 of undetermined cause.
Incidence rates were similar in the first 3 BMI categories (< 35),
but they were twice as high with BMI 35-39.9 (adjusted HR = 2.1,
95% CI: 1.1-4.3) and 4 times higher with BMI = 40 (adjusted HR
=4.2,95% CI: 1.8-9.7). Weight = 100 kg was identified as thresh-
old for a significant increase in infection from the early postopera-
tive period onward (adjusted HR = 2.1, 95% CI: 1.3-3.6).

Interpretation — BMI = 35 or weight = 100 kg may serve as a
cutoff for higher perioperative dosage of antibiotics.

About one half of patients undergoing primary total knee
arthroplasty (TKA) and up to one third of patients undergo-
ing primary total hip arthroplasty (THA) are obese, which
increases the risk of prosthetic joint infection. Among the

reasons for increased risk of infections in obese patients are
the higher prevalence of comorbidities, complex surgery, and
suboptimal tissue oxygen supply (Anaya and Dellinger 2006).
Moreover, lower serum and tissue concentrations of pro-
phylactic antibiotics have been measured (Forse et al. 1989,
Brill et al. 2014), and there is concern about under-dosing of
antibiotics during surgery in these patients (Janson and Thur-
sky 2012). Antibiotic prophylaxis in TJA is most commonly
performed with first- or second-generation cephalosporins.
Weight-adjusted dosing has been recommended for cefazolin,
but not for cefuroxime (Parvizi et al. 2013).

There is variation in the current literature regarding the obe-
sity categories that are evaluated in relation to occurrence of
infection, and this is often restricted to a comparison above
and below a BMI of 30 (Haverkamp et al. 2011, Kerkhoffs
et al. 2012), which may be too low as a cutoff. Determina-
tion of a threshold above which prosthetic joint infection rates
after TJA increase is important to provide an efficient cutoff
for optimization of perioperative treatment, particularly for
adjustment of prophylactic antibiotic dosage (Bratzler et al.
2013). Such an assessment based on BMI (including World
Health Organisation (WHO) classes of obesity (WHO 1995))
and on weight categories has not yet been performed for TJA.

Although it is often considered to be a modifiable risk factor,
obesity is challenging to alter, especially with time constraints
and in physically disabled patients. Adaptation of the dose of
perioperative antibiotics to the severity of obesity may be even
more important. Our objective was therefore to identify BMI
and weight thresholds above which prosthetic joint infection
rates increased in a cohort of primary TKA and THA patients
treated with the same prophylactic antibiotic (cefuroxime, 1.5
g intravenously) prior to surgery, in accordance with current
guidelines (Bratzler et al. 2013, Parvizi et al. 2013).
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Patients and methods
Study design, study population, and data collection

Starting in March 1996, all patients undergoing THA and
starting in April 1998, all patients undergoing TKA at our
institution were enrolled in a prospective hospital-based
cohort. For the present study, all primary TKAs and THAs
treated with antibiotic prophylaxis consisting of cefuroxime
(1.5 g intravenously) 30 min before surgery and operated
upon between March 1996 and December 2013 were eligi-
ble. Of 9,173 eligible TJAs (5,735 THAs and 3,438 TKAs),
112 TJAs (1%) were excluded due to missing information on
BMI. Overall, 9,061 TJAs were included: 5,661 THAs (63%)
and 3,400 TKAs (37%). Mean age at surgery was 70 (18-96)
years, mean BMI was 28 (14-60), mean weight was 76 (33—
150) kg, and 5,498 TJAs (61%) were performed in women.
The mean follow-up time was 6.5 (0.5-18) years. During the
course of the study, 317 patients (4%) left the area and 1,555
(17%) died.

Surgery was performed under vertical laminar airflow by a
large number of surgeons with varying levels of experience
and training. Screening for MRSA carriage was not per-
formed systematically, except for 2 periods between 2003 and
2005. Patients identified as MRS A-positive underwent topical
decolonization treatment with nasal mupirocin (2%) twice a
day for 5 days and whole-body washing with chlorhexidine
soap (40 mg/mL) for 7 days.

Exposures

The exposures of interest were BMI and weight at the time
of surgery. We classified BMI into 5 categories according to
the WHO classification (1995): normal-weight (BMI < 25),
overweight (BMI 25-29.9), obese class-1 (BMI 30-34.9),
obese class-1I (BMI 35-39.9), and obese class-III (BMI = 40).
The final analysis was performed with only 2 BMI categories
above and below the identified cutoff (< 35 and = 35). Body
weight was stratified in 5 categories: < 60, 60-79, 80-99,
100-119, and = 120 kg. The final analysis was performed with
only 2 categories (< 100 and = 100 kg).

Outcomes

The primary outcome was the occurrence of prosthetic joint
infection defined as (a) presence of a sinus tract that commu-
nicated with the joint; (b) intraoperative presence of purulence
surrounding the prosthesis without any other known etiol-
ogy; or (c) 2 or more intraoperative cultures, or a combina-
tion of preoperative aspiration and intraoperative cultures, that
yielded the same organism (Osmon et al. 2013). Diagnosis,
source of infection, and type of organism were ascertained by
2 infectious diseases specialists (DV and IU).

Covariates

The following variables were assessed at the time of surgery
and used to perform adjusted analyses: sex, age at operation,

American Society of Anesthesiology (ASA) score, diabetes,
etiology of osteoarthritis (primary vs. secondary), previous
surgery, smoking status (ever-smoker vs. never-smoker), site
of arthroplasty (hip vs. knee); use of antibiotic-laden cement
(yes/no); and length of surgery (in min).

Data collection

Information concerning baseline characteristics and surgical
intervention was documented by the operating surgeon on
specifically designed data-collection forms. Information about
comorbidities was retrieved from the anesthesia record and
discharge summary. The treatment of any major complication
performed at our hospital is routinely documented in the reg-
istry (Liibbeke et al. 2010). With our institution being a ter-
tiary—and the only—public hospital in the “canton” (county),
the vast majority of patients with TJA are referred and treated
at our hospital in cases of prosthetic joint infection, reopera-
tion, or revision for any other complication. Information on
change of residence and death was obtained from the popula-
tion registry of the “canton”.

Statistics

First, we measured incidence rates according to the 5 BMI
categories. We calculated person-time at risk of prosthetic
joint infection (originating from any source) as the length
of the interval between the date of surgery and the date of
infection, date of death, or end of follow-up (June 30, 2014
or date of change of residence in cases where the patient had
moved out of the area). We also performed a Kaplan-Meier
survival analysis with “prosthetic joint infection” as the end-
point. We then calculated incidence rates and incidence rate
ratios (IRRs) according to the 2 BMI categories defined by the
threshold identified (i.e. below it and above it). Adjusted HRs
(interpreted as IRRs, and in the following named as such, were
obtained using Cox regression analysis. We adjusted for sex,
age, ASA score (1-2 vs. 3—4), diabetes, smoking status, etiol-
ogy of OA, site of arthroplasty, use of antibiotic-laden cement,
and length of surgery. There was a high correlation between
the covariate “previous surgery” and “etiology of OA”, and
the former was therefore not used in the adjusted analyses.
Proportionality of hazards assumptions was assessed on log-
minus-log plots of the cumulative incidence. All analyses
were repeated for weight instead of BMI, in 5 categories and
then in 2.

We performed 3 sensitivity analyses as follows. (1) In addi-
tion to the outcome prosthetic joint infection (originating from
any source), we separately estimated the influence of weight
on prosthetic joint infection originating from the surgical
site and prosthetic joint infection originating from all other
sources including those undetermined. (2) We re-evaluated the
BMI and weight thresholds for the outcome prosthetic joint
infection (any source) separately in the hip and knee cohorts.
(3) We also did this separately in men and women.
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Table 1. Baseline characteristics according to the 5 BMI categories
BMI <25 25-29.9 30-34.9 35-39.9 > 40
n =2,956 n = 3,350 n=1,908 n =633 n=214
Women (%) 1,961 (66) 1,833 (55) 1,103 (58) 427 (68) 174 (81)
ASA score 3—4 (%) 2 663 (23) 731 (22) 534 (28) 232 (37) 110 (52)
Diabetes (%) 172 (6) 370 (11) 326 (17) 133 (21) 54 (25)
Smoking status (%)
Never 1,799 (61) 2,110 (63) 1,175 (62) 436 (69) 155 (72)
Former 340 (11) 494 (15) 349 (18) 98 (16) 33 (15)
Current 630 (21) 515 (15) 265 (14) 68 (11) 19 (9)
Missing 187 (6) 231 (7) 119 (6) 31 (5) 7 (3)
Primary osteoarthritis (%) 2,063 (70) 2,755 (82) 1,632 (85) 570 (90) 198 (93)
Knee arthroplasty (%) 701 (24) 1,255 (38) 895 (47) 392 (62) 157 (73)
Use of antibiotic-laden cement (%) 2,427 (82) 2 826 (84) 1671 (88) 578 (91) 193 (90)
Mean age at operation (SD), years 70 (14) 70 (11) 69 (9.8) 69 (9.3) 67 (7.6)
Mean BMI (SD) 22 (2.0) 7 (1.4) 32 (1.4) 37 (1.4) 44 (3.6)
Mean weight (SD), kg 62 (9.4) 76 (9.3) 88 (11) 98 (12) 111 (13)
Mean length of surgery (SD), min 111 (39) 114 (35) 119 (34) 123 (31) 132 (35)
Length of surgery = 180 min (%) © 220 (8) 210 (6) 140 (7) 47 (7) 28 (13)
BMI: body mass index; ASA score: American Society of Anaesthesiology score: SD: standard deviation.
2 Information on ASA score missing, n = 50.
b |nformation on smoking status missing, n = 575.
¢ Information on length of surgery missing, n = 32.
Ethics

Ethical approval was obtained from the local ethics committee
(CER 05-017 (05-041)).

Results

Over the study period, 111 prosthetic joint infections occurred,
68 of which were classified as postoperative infections and
16 of which were classified as hematogenous. In 27 patients,
the origin could not be determined. The infections were diag-
nosed after a median of 11 months (IQR: 1-37).

There were 2,956 TJAs (33%) in normal-weight patients,
3,350 (37%) in overweight patients, 1,908 (21%) in obese
class-I patients, 633 (7%) in obese class-II patients, and 214
TJAs (2%) in obese class-III patients. Higher BMI was sig-
nificantly associated with younger age, more diabetes, higher
ASA scores, more frequent primary OA, less ever-smokers,
longer surgery time, and an increasing proportion of TKAs
(p < 0.001 for all covariates) (Table 1). Except for the normal
weight category, the proportion of women increased with
increasing BMI. The percentage with surgery that lasted = 180
min was similar in the 4 lower BMI categories (around 7%)
and increased to 13% in those with BMI = 40.

BMI and prosthetic joint infection

33 prosthetic joint infections were diagnosed in patients
with normal-weight, 37 in patients with over-weight, and 41
in obese patients. The incidence rates were similar between
normal-weight patients (1.8 cases/1,000 person-years), over-
weight patients (1.7 cases/1,000 person-years), and obese
class-I patients (1.6 cases/1,000 person-years), but the inci-

dence of prosthetic joint infection increased to 3.3 cases/1,000
person-years in obese class-II patients and to 6.7 cases/1,000
person-years in obese class-III patients (Table 2). BMI = 35
(obesity of class II and higher) was associated with more than
twice the infection rate (crude IRR = 2.3, 95% CI: 1.5-3.8; p
< 0.001) compared to a BMI of < 35 (Table 3). The effect was
almost unchanged after adjustment for age, sex, ASA score,
diabetes, smoking status, etiology of OA, length of surgery,
use of antibiotic-laden cement, and arthroplasty site (adjusted
IRR =2.5,95% CI: 1.5-4.3, p < 0.001). Stratification accord-
ing to arthroplasty site revealed an adjusted IRR of 3.2 (95%
CI: 1.6-6.3) after THA and of 2.1 (95% CI: 1.03-4.5) after
TKA. Stratification according to sex gave an adjusted IRR of
2.2 (95% CI: 1.1-4.5) for women and of 2.8 (95% CI: 1.4-5.8)
for men.

Kaplan-Meier survival analysis (Figure 1) showed a similar
cumulative incidence of infection in the normal-weight, over-
weight, and obese class-I categories, whereas the incidence
increased in obese class-1I patients, and was highest in obese
class-1III patients.

Weight and prosthetic joint infection

The incidence rates were similar between patients with
weight < 60 kg (1.3 cases/1,000 person-years), 60-79 kg (1.7
cases/1,000 person-years), and 80-99 kg (1.7 cases/1,000
person-years), but the incidence of prosthetic joint infection
increased to 3.8 cases/1,000 person-years in the weight cat-
egory 100-119 kg and to 9.4 cases/1,000 person-years in
patients weighing = 120 kg (Table 2). Weight = 100 kg was
associated with twice the infection rate (crude IRR = 2.6, 95%
CI: 1.64.2; p < 0.001) compared to a weight of < 100 kg
(Table 3). The effect was slightly attenuated after adjustment
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Table 2. Incidence rates with crude and adjusted incidence rate ratios (IRRs) for prosthetic joint infection according

to 5 BMI categories and 5 weight categories

BMI <25 25-29.9 30-34.9 35-39.9 =40

n = 2,956 n = 3,350 n=1,908 n =633 n=214
Cases 33 37 20 13 8
Person-years 18,726 22,194 12,575 3,925 1,202
Incidence rate, cases/1,000 person-years 1.8 1.7 1.6 3.3 6.7
Crude IRR (95% CI) Ref. 1.0 (0.6-1.5) 0.9 (0.5-1.6) 1.8(1.0-3.5) 3.5(1.6-7.7)
Adjusted IRR (95% ClI) 2 Ref. 1.0(0.6-1.7) 1.0(0.6-1.8) 2.1(1.1-4.3) 4.2(1.8-9.7)
Weight, kg <60 60-79 8099 100-119 =120

n=1,238 n = 4,259 n=2,790 n =665 n=109
Cases 10 49 31 15 6
Person-years 7,704 28,425 17,921 3,932 640
Incidence rate, cases/1,000 person-years 1.3 1.7 1.7 3.8 9.4
Crude IRR (95% Cl) Ref. 1.4 (0.7-2.7) 1.4(0.7-2.8) 2.9(1.3-6.4) 7.1(2.6-19.5)
Adjusted IRR (95% CI) 2 Ref. 1.4 (0.7-3.0) 1.3(0.6-2.9) 2.5(1.01-6.0) 5.5(1.8-16.6)

BMI: body mass index; IRR: incidence rate ratio; Cl: confidence interval.

a Adjustment was performed for age, sex, ASA score (ASA 1-2 vs. 3—4), presence of diabetes, smoking status,
etiology of OA (primary vs. secondary), site of arthroplasty, use of antibiotic-laden cement, and length of operation,
using Cox regression analysis.

Table 3. Incidence rates with crude and adjusted incidence rate ratios (IRRs) for prosthetic joint infection according
to 2 BMI categories and 2 weight categories (above and below the threshold)

BMI < 35 BMI = 35 Weight < 100 kg ~ Weight = 100 kg

n=_38,214 n =847 n = 8,286 n=775
Cases 90 21 90 21
Person-years 53,495 5,128 54,049 4,573
Incidence rate, cases/1,000 person-years 1.7 41 1.7 4.6

Crude IRR (95% CI)
Crude IRR (95% CI) 2
Adjusted IRR (95% Cl) ®

2.3 (1.5-3.8, p < 0.001)
2.4 (1.5-3.8, p < 0.001)
2.5 (1.5-4.3, p < 0.001)

2.6 (1.6-4.2, p < 0.001)
2.6 (1.6-4.2, p < 0.001)
2.1 (1.3-3.6, p = 0.003)

BMI: body mass index; IRR: incidence rate ratio; Cl: confidence interval.

2 Crude estimates only including the cases with complete covariate information.

b Adjustment was performed for age, sex, ASA score (ASA 1-2 vs. 3—4), presence of diabetes, smoking status,
etiology of OA (primary vs. secondary), site of arthroplasty, use of antibiotic-laden cement, and length of operation,

using Cox regression analysis.

for age, sex, ASA score, diabetes, smoking status, etiology
of OA, length of surgery, use of antibiotic-laden cement, and
arthroplasty site (adjusted IRR = 2.1, 95% CI: 1.3-3.6; p =
0.003).

With only prosthetic joint infections originating from the
surgical site (n = 68) as outcome, the unadjusted and adjusted
IRRs for the weight threshold of 100 kg were 3.6 (95% CI:
2.1-6.3) and 3.4 (95% CI:1.8-6.2). With only prosthetic joint
infections from all other sources including undetermined
origin as outcome (n = 43), the unadjusted and adjusted IRRs
were 1.2 (95% CI: 0.4-3.5) and 0.8 (95% CI: 0.3-2.5). Strati-
fication according to arthroplasty site gave an adjusted IRR of
2.5 (95% CI: 1.3-4.9) after THA and of 1.9 (95% CI: 0.9-4.2)
after TKA. Stratification according to sex revealed an adjusted

IRR of 2.8 (95% CI: 1.2-6.5) for women and of 1.9 (95% CI:
1.03-3.7) for men.

Kaplan-Meier survival analysis (Figure 2) showed a simi-
lar cumulative incidence of infection in the weight catego-
ries < 60kg, 60-79 kg, and 80-99 kg, whereas the incidence
increased in those weighing 100-119 kg and was highest in
those weighing = 120 kg. The difference in incidence of infec-
tion was observed already in the first months after surgery
(Figure 3).

The organisms identified, sources of infection, and Gram
stain according to the BMI and weight thresholds identified
are presented in Table 4.
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Figure 1. Cumulative incidence of prosthetic joint
infection after total joint arthroplasty according
to 5 categories of BMI.
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Figure 2. Cumulative incidence of prosthetic joint
infection after total joint arthroplasty according to 5
categories of body weight.

Table 4. Breakdown of source of infection, type of organism, and Gram staining result according to BMI and weight

thresholds
BMI < 35 BMI =35 p-value Weight < 100 kg Weight = 100 kg p-value
n=_8,214 n =847 n = 8,286 n=775
n (%) 90 (81) 21 (19) 90 (81) 21 (19)
Source of infection (%) @
Surgical site infection 52 (58) 16 (76) 0.3 51 (57) 17 (81) 0.1
Other sources 15 (17) 1 (5) 15 (17) 1 (5)
Undetermined 23 (25) 4 (19) 24 (26) 3 (14)
Gram-positive (%) 70 (78) 14 (67) 0.7¢ 68 (78) 14 (67) 02¢
MSSA 21 (29) 2 (14) 19 (28) 3(21)
MRSA 10 (13) 3(21) 9 (13) 3(21)
MSCNS 8 (12) 0 (0) 8 (12) 0 (0)
MRCNS 11 (16) 3(21) 11 (16) 3(21)
Other 20 (29) 6 (43) 21 (31) 5 (36)
Gram-negative (%) 14 (15) 4 (19) 11 (13) 6 (28)
Gram-pos. & Gram-neg. (%) 2(2) 1(5) 3(3) 0 (0)
Unknown Gram status (%) 4 (5) 2(9) 5 (6) 1(5)

BMI: body mass index; MS: methicillin-sensitive; MR: methicillin-resistant; SA: Staphyloccoccus aureus; CNS:

coagulase-negative staphylococcus.

a|n 27 cases, the source of infection could not be determined.
b Other sources included: skin infection, urinary tract infection, gastrointestinal tract infection, endocarditis,

cholecystitis, and acute prostatitis.

¢ Comparison of Gram-pos. and Gram-neg. infections. Simultaneous Gram-pos. and Gram-neg. infections and

infections of unknown Gram status were excluded.

Discussion

We found similar prosthetic joint infection rates in the cat-
egories normal-weight, overweight, and obese class-I, with a
substantial increase thereafter, indicating that BMI = 35 may
be a useful threshold value. Similarly, no change in the rate
of prosthetic joint infection was observed in the 3 weight cat-
egories up to 100 kg, but there was a substantial and exponen-
tial increase after that—starting in the immediate postopera-
tive period. This indicates that 100 kg may be a useful weight
threshold. Above these thresholds, more than twice the inci-

dence rate of prosthetic joint infection was found in primary
TJA patients treated with antibiotic prophylaxis that uniformly
consisted of 1.5 g cefuroxime intravenously.

We are not aware of any study that has evaluated thresholds
for BMI-adjusted (including all 3 WHO classes of obesity)
and weight-adjusted dosage in the context of infection preven-
tion after TJA. A number of studies have assessed the role of
BMI in infection occurrence after hip and knee arthroplasty
using a BMI of 30 (Haverkamp et al. 2011, Kerkhoffs et al.
2012), 35 (Namba et al. 2013), or 30-39 and 40 (Andrew et
al. 2008, Dowsey and Choong 2008, Bordini et al. 2009) as
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cutoff. Only Chesney et al. (2008) reported prosthetic joint
infections according to the 3 obesity classes. However, the
number of infections was too small to be able to make any
firm conclusions. All but 1 study (Bordini et al. 2009) found a
higher infection risk with an effect estimate 2 to 4 times higher
for obese patients than for non-obese patients (with a cutoff
BMI of 30).

Namba et al. (2013) evaluated risk factors associated with
prosthetic joint infection in 56,216 primary TKAs that were
followed for a maximum of 105 months. The authors iden-
tified BMI = 35 as an important risk factor, among others.
Their HR and 95% CI comparing BMI = 35 and BMI < 35
was lower (1.5, 95% CI: 1.2-1.9) and more precise than ours
(2.1; 95% CI: 1.04-4.3), which was partly due to their larger
sample size. In that study, the dosage of antibiotic prophylaxis
with cefazolin was not specified, so it is not clear whether their
somewhat lower effect estimate could be related to weight-
based antibiotic prophylaxis with cefazolin, as indicated in a
previous paper by the same authors (Namba et al. 2005).

The link between obesity and infection may be explained by
several factors, but under-dosing of antibiotics is probably the
most important to consider (Falagas and Karageorgopoulos
2010). Therapeutic under-dosing in obese patients has been
reported for vancomycin (Bauer et al. 1998) and cefazolin
(Forse et al. 1989, Brill et al. 2014). Data regarding cefurox-
ime, which is frequently used for infection prophylaxis during
TJA, are limited to 1 study that evaluated soft tissue penetra-
tion of a single dose of 1.5 g cefuroxime intravenously in 6
highly obese patients undergoing abdominal surgery (Barbour
et al. 2009). The authors suggested that “concentrations in the
interstitial space fluid of soft tissues following a single 1.5-g
dose may be high enough to prevent infections with Gram-
positive organisms but may be insufficient to prevent infec-
tions with Gram-negative organisms”.

Other factors that may lead to a higher infection risk in obese
patients include the thickness of the subcutaneous adipose
tissue at the surgical site (Fujii et al. 2010) (predisposing to
infection because of poorer perfusion and lower tissue oxygen
tension), enhanced risk of hematoma, and higher tension in
the wound leading to dehiscence (Wilson and Clark 2003). In
addition, the sometimes technically more challenging inter-
vention in obese patients can lead to soft tissue injuries and
prolonged surgery. It has also been demonstrated that adi-
pose tissue produces mediators that can influence the immune
system and possibly impair its function (Marti et al. 2001).
Finally, nasal Staphyloccocus aureus colonization, which is
associated with a greater risk of surgical site infection (Kal-
meijer et al. 2000), may be more frequent in obese patients.

Bratzler et al. (2013) recently stated, “Conclusive recom-
mendations for weight-based dosing for antimicrobial prophy-
laxis in obese patients cannot be made because data demon-
strating clinically relevant decreases in SSI rates from the use
of such dosing strategies instead of standard doses in obese
patients are not available in the published literature”, but our

findings could be helpful in defining a dosing strategy for peri-
operative cefuroxime prophylaxis in TJA. Several authorities
and expert groups have already suggested doubling the dose
of cephalosporins in highly obese patients undergoing clean
high-risk surgery, considering the favorable safety profile of
this agent, the low cost, and the low risk of adverse effects
(Anaya and Dellinger 2006, Falagas and Karageorgopoulos
2010, Alexander et al. 2011). Nevertheless, our understanding
of the influence of obesity on antibiotic pharmacokinetics is
still limited and many factors—such as lean body mass and
altered adipose tissue blood flow—must be considered. More-
over, clinical studies are needed to evaluate the impact of the
double-dosing strategy on prosthetic joint infection rates in
highly obese patients.

In addition to the improvement of antibiotic dosage, the
identification of BMI and weight thresholds may also facili-
tate comparison between studies, improve case-mix adjust-
ment, and optimize preoperative preparation.

Our findings were obtained from a large prospective cohort
of TJA patients, who were all treated with cefuroxime at the
same dosage. We performed a time-to-event-analysis, adjusted
for the main potential confounders, and tested the robustness
of the results in sensitivity analyses. However, there were
limitations. Firstly, our findings relate to the use of cefurox-
ime and may not be applicable to patients receiving a differ-
ent antibiotic. Secondly, prosthetic joint infection is a serious
complication requiring treatment in a hospital. As our insti-
tution is the only public hospital in the area, the proportion
of patients living in the area but seeking treatment elsewhere
in the case of prosthetic joint infection is very low. Never-
theless, we may still have missed a few infections. However,
the missing information can be expected to be unrelated to
BMI. Thirdly, there was no information available on serum/
tissue concentrations of cefuroxime, and as a consequence we
cannot directly relate antibiotic concentrations to BMI/weight
and to prosthetic joint infection. However, there is a grow-
ing body of literature to suggest that there may be an element
of under-dosing in the pathogenesis of surgical site infections
(Forse et al. 1989, Barbour et al. 2009, Janson and Thursky
2012, Brill et al. 2014). Fourthly, adequate antibiotic prophy-
laxis timing and re-dosing are important, but this information
was not systematically available. Even so, it appears unlikely
that timing of antibiotic prophylaxis may depend on BMI
or weight. Moreover, concerning re-dosing, the number of
patients with an intervention exceeding 180 min was low and
did not vary according to BMI. Finally, information on nasal
S. aureus colonization was not available.

In conclusion, after primary TJA more than double the rate
of prosthetic joint infection was found in patients with a BMI
of = 35 and in those weighing = 100 kg. Infection rates were
similar in the BMI and weight categories below those thresh-
olds. Given the multifactorial relationship between obesity
and infection, the identification of differences according to the
severity of obesity may help to better target preventive inter-
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ventions. One of these might be a weight-based dosage adap-
tation for the antibiotic prophylaxis with cefuroxime, consist-
ing of doubling of dosage with a weight of 100 kg or greater.
Whether or not the higher prophylactic single-shot dose would
ultimately reduce the risk of infection in obese patients under-
going TJA remains to be determined.
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